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Angiotensin II increases the intracellular calcium activity in [3]. Because the podocyte participates in the initiation
podocytes of the intact glomerulus. and progression of glomerular diseases, which frequently
Background. Knowledge about biological functions of po- lead to end-stage renal failure, aspects of its biological
docytes in the glomerulus is limited because of its unique ana-
function are of interest in the understanding of mecha-tomical location. Here we introduce a new method for measur-
nisms of glomerular injury. However, because of itsing the intracellular calcium activity ([Ca21]i) in the podocyte
in the intact glomerulus. unique anatomical location in the glomerulus, it is diffi-
Methods. With the help of fluorescence high-resolution digi- cult to investigate functional properties of the podocyte,
tal imaging and a recently developed ultraviolet laser-scanning and thus, the knowledge about biological functions of
microscope, [Ca21]i was measured in fura-2–loaded glomeruli the podocyte in the glomerulus is limited.and single podocytes of intact microdissected rat glomeruli.
Recently, we have shown that angiotensin II (Ang II)Results. Angiotensin II (Ang II) increased [Ca21]i reversibly
depolarized the podocyte in the intact rat glomerulusin a biphasic and concentration-dependent manner. In contrast
to Ang II, bradykinin, thrombin, arginine vasopressin, and via an angiotensin II type-1 (AT1) receptor [4]. In addi-
serotonin did not change [Ca21]i in the glomerulus. At reduced tion, we found that it increased the cytosolic calcium
extracellular Ca21 activity, Ang II released [Ca21]i from intra- activity ([Ca21]i) in differentiated podocytes in the firstcellular stores, but the second phase, corresponding to a Ca21
culture passage [5]. Thus, it seemed likely that Ang II,influx from the extracellular space, was absent. The l-type
which is known to accelerate the progression of chronicCa21 channel blocker nicardipine did not influence the Ang
glomerulonephritis, also regulates the cellular functionsII-mediated [Ca21]i increase, and an increase of the extracellu-
lar K1 concentration did not change [Ca21]i in the glomerulus. of the intact podocyte [6]. In contrast, it has been sug-
The angrotensin II type I (AT1) receptor antagonist losartan gested that human and mouse podocytes do not possess
inhibited the Ang II-mediated [Ca21]i increase. Confocal AT1 receptors [7, 8], and it has been assumed that Ang[Ca21]i measurements using fura-2 or fluo-3 or fluo-4 on the II-mediated [Ca21]i response in the intact rat glomerulussingle cell level show that some of the Ang II-mediated [Ca21]i
is probably due to a [Ca21]i increase in mesangial cellsresponse originated from podocytes. Costaining with calcein
allowed the identification of podocytes because of the charac- [9]. The technical approach used in previous studies did
teristic morphology and location in relationship to the capillary not allow an exact identification of the glomerular cell
network. type contributing to a hormone-mediated [Ca21]i re-Conclusions. These data suggest that podocytes in the intact
sponse [9, 10]. Therefore, for this study, an experimentalglomerulus respond to Ang II with an increase of [Ca21]i via
approach was developed that allowed for the measure-an AT1 receptor.
ment of [Ca21]i in podocytes in the intact glomerulus.
Two different approaches were used: fluorescence digital
imaging (FDIM) with fura-2 [11], and confocal laser-The podocyte is the target cell of injury in different
scanning microscopy with fura-2 [12] or fluo-3 or fluo-4.forms of acute glomerulonephritis [1]. It contributes to
Using these techniques, we investigated the influence ofthe development of diabetic nephropathy [2] and plays
Ang II, arginine vasopressin, bradykinin, thrombin, anda crucial role in the pathogenesis of glomerulosclerosis
serotonin on [Ca21]i in podocytes in the intact glomer-
ulus.
Key words: cytosolic calcium, intracellular calcium, antiotensin II type
1 receptor, injury, acute glomerulonephritis.
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rat glomeruli were obtained by the sieving technique glomerulus was first loaded with fura-2 AM or fluo-3 AM
(sieve sizes used in descending order were 150, 100, and or fluo-4 AM, and then the [Ca21]i measurements using
50 mesh size). A single glomerulus with intact capsule Ang II as the stimulating hormone were performed [12].
was transferred into the bath chamber mounted on the After the [Ca21]i measurements, the glomerulus was kept
stage of an inverted microscope. The glomerulus was in the perfusion chamber and loaded with calcein-AM (5
kept at room temperature on the bottom of the bath mmol/L) for 10 to 20 minutes. Using this loading protocol
and was immobilized at the vascular pole by a holding resulted in a much brighter loading of most glomerular
glass pipette. After incubation with 1 g/L collagenase IV cells compared with the fluo-3 or fluo-4 fluorescence. The
for one to two minutes, the capsule was stripped off overall loading pattern was not homogeneously distrib-
mechanically with a small glass pipette. Then the glomer- uted in all cells. The bright and relative stable fluorescence
ulus was superfused at 378C for one to two minutes with label also of the capillary walls allowed us to also record
control solution at a bath exchange rate of 0.7 Hz, which a z-stack of high-resolution images (1024 3 1024 pixel)
was later used in the [Ca21]i measurements, too. The from the glomerulus and thus to identify podocytes by
integrity of podocyte morphology and intactness of the their morphology and connection to the capillaries.
glomerular basement membrane after such an experi- Calibration of the [Ca21]i measurements using FDIMmental procedure have been proven by electron micros-
was performed in vivo at the end of the experimentcopy and immunofluorescence studies [4].
using ionomycin as described [11]. The results of the
calibrations were pooled and used to calculate the meanMeasurement of intracellular Ca21 activity
[Ca21]i values 6 sem according to Grynkiewicz, Poenie,The glomerulus was held in the perfusion chamber
and Tsien [13]. The average of the pixel by pixel ratiosafter the removal of the capsule with two micromanipula-
of user selected areas, usually one or two in the FDIMtor controlled glass pipettes and loaded with fura-2 AM
experiments (emission .470 nm of the 345/380 nm exci-(5 mmol/L) at room temperature for 30 to 40 minutes as
tation) and up to 15 in the LSM images (emission .397described previously [11]. Experiments were performed
nm for 351/364 nm excitation of fura-2, emission .505with two different experimental setups. One setup con-
nm for 488 nm excitation of fluo-3 or fluo-4), was usedsisted of an inverted fluorescence microscope (Axiovert
for data analysis. The [Ca21]i calibration with ionomycin100 TV; Zeiss, Jena, Germany) equipped with a 403
as used in the FDIM experiments damages the glomeru-objective (Fluar 40/1.3 oil; Zeiss), a fast switching mono-
lar structure, as it requires a longer period (3 to 5 min-chromator (TILL; Photonics, Planegg, Germany) for
changing the excitation wavelength and a GEN3, intensi- utes) of treatment with a Ca21-free solution (to obtain
fied CCD-camera (ICCD 350; Videoscope, Sterling, VA, the Fmin fluo-4 or fura-2 value). Using DMSO (approxi-
USA) for fluorescence imaging [11]. Images were ac- mately 1%), the solvent of ionomycin also resulted in a
quired with an average of 16 frames to increase the loss of cell to cell contact, finally ending with the glomer-
signal to noise ratio. Control of the experiment, image ular cells falling apart. Therefore, as the calcein-AM
acquisition, and data analysis were done with the soft- loading required intact cells and glomerular structures,
ware package MetaFluor/MetaMorph 3.5 (Universal Im- no calibration of [Ca21]i was performed. Data analysis
aging, West Chester, PA, USA). The number of the of the confocal experiments was done with the software
recorded radiometric images was varied in the video package MetaFluor/MetaMorph 3.5.
and the confocal imaging during the experiment. Shortly
before and while hormones were applied, the ratio im- Solutions and chemicals
age-acquisition rate was near 0.7 Hz, and during control The standard solution contained (in mmol/L) 145 NaCl,
periods, the rate was decreased to 0.2 to 0.05 Hz. 1.6 K2HPO4, 0.4 KH2PO4, 1.3 Ca-gluconate, 1 MgCl2, 5The other setup consisted of an inverted confocal mi- d-glucose, pH 7.4. The low Ca21 solution contained 0.96
croscope (LSM 510; Zeiss) with a 633 water immersion mmol/L Ca-gluconate and 1 mmol/L EGTA. Fura-2 AM,
objective (C-APO 63/1.2 water; Zeiss). The microscope
fluo-3 AM, fluo-4 AM, and calcein-AM were obtainedwas equipped with an argon ultraviolet laser (351 nm,
from Molecular Probes (Eugene, OR, USA). All other364 nm) and a second blue enhanced argon visible (VIS)-
chemicals were of the highest grade of purity availablelaser (457, 488, and 514 nm). For the Ca21 experiments,
and were obtained from Sigma or Merck (Darmstadt,the scanning speed was set to a pixel time of 2.24 ms,
Germany). All experiments were performed at 378C.and a region of interest was chosen from the full frame
image of 512 3 512 pixel, which resulted usually in a
Statisticsscanning time of 1 to 1.5 seconds. The confocal pinhole
The data are presented as mean values 6 sem; N referswas set to achieve a full-width, half-maximum (FWHM)
to the number of experiments. The paired or unpairedz-resolution of 1 to 1.5 mm, which was verified by measur-
t-test was used to compare mean values within or froming latex beads of 4 mm (data not shown). In the double-
independent experimental series. A P value #0.05 waslabeling experiments with the fluorescent marker cal-
cein-AM, a general cell permeable cytosolic marker, the accepted to indicate statistical significance.
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RESULTS II 1027 mol/L D ratio 0.12 6 0.01, N 5 27; Ang II 1026
mol/L D ratio 0.15 6 0.02, N 5 8). These Ca21 plateausFluorescence digital imaging measurements of [Ca21]i
are in many cell types caused by the Ca21 store release-in the glomerulus
mediated Ca21 influx. To clarify the involvement of ex-
Angiotensin II increased the cytosolic calcium activity tracellular Ca21 influx and the responsible pathway, the
[Ca21]i in the glomerulus. Figure 1 from left to right following experiments were performed. Figure 3A shows
shows a differential interference contrast (DIC) image in an original trace that a reduction of the extracellular
of an isolated glomerulus with the focal plane on the Ca21 concentration to 1 mmol/L led to a significant and
lower outer surface of the glomerulus, the false color- reversible drop of the basal [Ca21]i (mean value from 7coded fura-2 345/380 nm ratio image of the same glomer- experiments, 45 6 11 to 16 6 5 nmol/L). In the presence
ulus under nonstimulated conditions, and the ratio image of low extracellular Ca21, the Ang II (100 nmol/L)-medi-
after stimulation with Ang II. The largest part of the ated [Ca21]i peak increase was not significantly influ-glomerulus showed under these conditions a rise of the enced, but the decline of the [Ca21]i from the peak tofluorescence excitation ratio, indicated by the change basal [Ca21]i was enhanced. The experiments were per-from blue to yellow-red color code, which indicates a formed in a paired protocol, as shown in Figure 3A. In
rise in [Ca21]i. Further experiments showed that the addi- half of the experiments, the maneuvers were done in the
tion of 1 to 1000 nmol/L Ang II resulted in a concentra- reversed order (Ang II effect in low extracellular Ca21
tion-dependent rapid increase of [Ca21]i within the cho- first) to account for the desensitization of the Ang II
sen focal segment. A typical FDIM ratio recording from effect. Then only the first Ang II-induced Ca21 peaks
a single glomerulus using different concentrations of Ang were analyzed (D[Ca21]i increase, 70 6 19 nmol/L Ang
II is shown in Figure 2A. The ratio values were measured II under control conditions vs. 73 6 27 nmol/L under
from a region, including almost the complete glomerulus. low extracellular Ca21, N 5 7). After three minutes, Ang
Only the most outer area of the fluorescence image was II under low extracellular Ca21 solution [Ca21]i was not
excluded, as this can give wrong ratio values because of significantly different from prestimulated [Ca21]i. The L-
focal mismatches. Ten nmol/L Ang II increased [Ca21]i type Ca21 channel blocker nicardipine (1 mmol/L) did
from a resting value of 51 6 16 to 97 6 19 nmol/L (N 5 not inhibit the Ang II (0.1 mmol/L)-mediated [Ca21]i
10) and 100 nmol/L from 81 6 15 to 272 6 40 nmol/L, peak (N 5 5) and plateau response (N 5 3). Figure 3B
respectively (N 5 20). In about half of the experiments, shows the lack of an inhibitory effect of nicardipine (1
[Ca21]i returned in the continued presence of Ang II mmol/L) on the Ang II-induced [Ca21]i plateau.
[Ca21]i to almost baseline [Ca21]i values within three In the presence of a high K1 concentration, voltage-
minutes; an example is shown in Figure 2 (a more de- dependent Ca21 channels are activated by the membrane
tailed analysis is given in the next paragraph). A second depolarization. In unstimulated glomeruli, [Ca21]i was
Ang II-mediated [Ca21]i response could only be elicited not increased significantly by an elevated extracellular
after rinsing extensively with control solution for approx- K1 concentration (from 3.6 to 36 or 72 mmol/L, N 5 5).
imately 10 to 12 minutes. Usually no response could be
The [Ca21]i response to angiotensin II is mediated viaobserved within eight minutes after the first stimulation.
an AT1 receptorFigure 2B summarizes the concentration-response
curve for Ang II on [Ca21]i. The [Ca21]i effect of Ang II Figure 4 shows that with a five-minute pretreatment
had an apparent ED50 of about 4 3 1028 mol/L. Only an of the glomerulus with losartan (1 mmol/L), a specific
apparent ED50 could be estimated, as no saturation of AT1 receptor antagonist [14] completely and reversibly
the [Ca21]i effect was observed up to 10 mmol/L. Higher inhibited the Ang II (100 nmol/L)-mediated [Ca21]i in-
Ang II levels were not used, as they do not seem physio- crease (D [Ca21]i change with losartan 1 Ang II: 6 6 9
logically relevant. nmol/L vs. Ang II 120 6 23 nmol/L, N 5 8).
Bradykinin, thrombin, arginine vasopressin, and sero-
Measurement of [Ca21]i with laser-scanningtonin, in contrast to Ang II, did not change the [Ca21]i
microscopy in single podocytesof the podocytes (N 5 3 to 6).
To investigate which cells within the glomerulus pro-
Source of the angiotensin II-induced [Ca21]i increase duced the [Ca21]i signals monitored in the FDIM experi-
in the glomerulus ments, [Ca21]i measurements were performed by confo-
In 56, 47, and 45% of the experiments, the [Ca21]i cal laser-scanning microscopy (N 5 18). [Ca21]i was
transients induced by Ang II 1028, 1027, and 1026 mol/L, measured confocally with fura-2 [12] or fluo-3 or fluo-4
respectively, showed after the [Ca21]i peak a small, but in a confocal section approximately 3 to 5 mm within
significant plateau phase. For the calculation of the fol- the decapsulated glomerulus. All three Ca21 dyes gave
lowing ratio values, only the plateau-exhibiting cells were comparable results. As an example, Figure 5 shows two
false color coded images from a fluo-4 experiment. Asused (Ang II 1028 mol/L D ratio 0.08 6 0.01, N 5 5; Ang
Fig. 1. Measurement of the intracellular calcium ([Ca21]i) response of an isolated rat glomerulus to angiotensin II (Ang II; 1026 mol/L) using
fluorescence video microscopy of the fura-2 345/380 nm ratio signal. (Right image) Differential interference contrast image of the glomerulus.
(Middle and right image) False color-coded fura-2 fluorescence ratio images of the glomerulus under control conditions (blue color indicates low
[Ca21]i) and during Ang II stimulation (yellow to red color indicates high [Ca21]i). The low z-resolution does not allow to resolve a fluorescence
signal originating from single cells.
Fig. 5. Confocal measurement of [Ca21]i in the isolated glomerulus
using fluo-4. The upper two images show confocal fluo-4 fluorescence
images from an isolated rat glomerulus recorded at 488 nm excitation
(emission . 505 nm). The arrows point to 6 out of around 15 cells that
responded to Ang II (10 mmol/L) with a transient increase of the
fluorescence as a measure of [Ca21]i. Note that already under control
conditions, the fluorescence intensity in the individual cells is quite
different but does not correlate with the [Ca21]i reactiveness. As fluo-4
is a one wavelength dye, the different intensity under control conditions
is most probably caused by a difference in dye concentration and not
[Ca21]i. The different cytosolic dye concentration can be the result of
different activity of the esterases, which cleave fluo-4 AM to fluo-4
acid. The lower part shows the fluorescence intensity as a measure of
[Ca21]i recorded from the cells 1 through 6 in this confocal image plane.
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Fig. 6. Identification of the cells responding to Ang II with a [Ca21]i increase as podocytes. The glomerulus was loaded with calcein-AM (5 mmol/L)
as a general intracellular marker after the [Ca21]i measurement with fluo-4 shown in Figure 5. Calcein gave a much brighter fluorescence signal
and, in addition, strongly stained the wall of the capillary network in the glomerulus. That allowed identification of a lot of the Ang II responding
cells as podocytes because of their shape as well as their relative location to the capillaries. The 4 images shown are taken out of a stack of 64
images with a z-distance of 0.3 mm. The image at 1.8 mm closely matches with the plane of the [Ca21]i measurements. The other images show that
the cells 3, 4, 5, and 6 are also podocytes, which could not be seen easily from the image taken at 1.8 mm.
fluo-4 is a one wavelength dye and no calibration of sponding to an increase of [Ca21]i in a variable number
of cells, usually between 3 and 10 cells within the chosen[Ca21]i using ionomycin could be performed as outlined
in the Methods section, only relative intensity changes image plane. Within the left image, that is, the control
image, 6 cells among approximately 12 were markedwere analyzed. An addition of 100 or 1000 nmol/L Ang
II induced an increase of the fluorescence intensity corre- and later identified as podocytes. Figure 5B shows the
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Fig. 3. (A) A biphasic [Ca21]i transient with peak and plateau phases is
apparent in approximately 50% of the responses to Ang II (1027 mol/L).
The plateau phase is due to Ca21 influx from the extracellular space,Fig. 2. (A) Concentration-dependent increase of the fura-2 345/380
as it can be completely reduced to resting values with a Ca21 concentra-fluorescence ratio as a measure of [Ca21]i induced by Ang II in an isolated
tion of 1026 mol/L in the bath solution (N 5 7). The slightly reducedrat glomerulus. The original recording was acquired with the video-
[Ca21]i peak shown here is due to the desensitization induced by Ang IIimaging setup at 345/380 nm excitation. The ratio was calculated from
(see Results section). (B) The [Ca21]i response—[Ca21]i peak as wellthe mean pixel by pixel ratio values of a user-selected window placed
as [Ca21]i plateau if present—to Ang II is not altered by the L-typein central part of the glomerulus. In the experiment shown here, [Ca21]i
Ca21-channel blocker nicardipine (1026 mol/L, N 5 3).decreased to almost resting values, even in the presence of Ang II,
whereas in other experiments (Fig. 3), the [Ca21]i increase showed a
biphasic response. (B) Concentration response curve of the Ang II-
induced fura-2 fluorescence ratio increase. The response does not show
a maximum response to Ang II even at 1026 mol/L. However, higher
matches with the image plane used in the fluo-4 experi-concentrations were not used, as they should be of no physiologic
relevance. Numbers in parentheses refer to the number of experiments. ment. From that image and the other three images above
and below the plane, it was possible to identify all six
marked cells clearly as podocytes because of the location
of the cells to the outer wall of capillaries in other image
fluorescence intensity changes over time in these six cells. planes.
The high concentration of Ang II (1 mmol/L) used in
the particular experiment resulted in most of the cells
DISCUSSIONin a short increase of [Ca21]i for only 20 to 40 seconds.
After the [Ca21]i experiments, the glomeruli were loaded In this study, we introduce a new method allowing for
with calcein-AM to identify podocytes in the image plane the measurement of [Ca21]i in single podocytes in the
by morphology and location relative to the capillaries. intact glomeruli. Fluorescence measurements with a video
Figure 6 shows 4 out of 64 images from a z-stack of imaging approach or a laser scanning microscope indicate
images of the calcein-loaded glomerulus used in Figure that podocytes in the glomerulus respond to Ang II with
5. It is obvious from that image that the loading with a reversible increase of [Ca21]i. The relative homoge-
calcein-AM, similar to what was observed with fluo-4, neous and often longer lasting increase of [Ca21]i observed
differed strongly from cell to cell. However, there was in the FDIM experiments could not be observed in the
no direct correlation between the amount of dye loading confocal measurements. In the confocal studies, Ang II
and the [Ca21]i responsiveness of the cells measured be- could not always elicit a [Ca21]i response in all cells
identified from morphologic criteria as podocytes. Thisfore. The calcein image recorded at 1.8 mm closely
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parison between the functional properties of epithelial
cells of Bowman’s capsule and podocytes appears difficult.
A reduction of the extracellular Ca21 resulted in ap-
proximately 60% of the resting glomeruli in a decrease
of [Ca21]i, suggesting that glomerular cells possess a Ca21
permeability already in the resting state. It might well
be that the Ca21 influx pathway of some glomerular cells
is under the influence of a hormonal long-term stimula-
tion, as has been described for the sodium chloride reab-
sorption in the mouse cortical thick ascending loop of
Henle [16].
The Ang II-mediated [Ca21]i plateau, but not the peak,
was inhibited in the presence of a low extracellular Ca21
concentration, indicating that the Ang II-induced in-
Fig. 4. The AT1 receptor antagonist losartan (1026 mol/L) reversibly crease of [Ca21]i was due to both a Ca21 release frominhibits the Ang II (1027 mol/L)-induced [Ca21]i increase in the glomeru-
the intracellular space and a Ca21 influx from the extra-lus, indicating that the response is induced via AT1 receptors (N 5 5).
cellular space. [Ca21]i in unstimulated glomeruli was not
increased by a high extracellular K1 concentration. The
L-type Ca21 channel antagonist nicardipine did not in-
observation might have methodological and/or biological hibit the Ang II-mediated [Ca21]i peak and plateau re-
reasons: (a) In the confocal experiments, in comparison sponse. Both results suggest that L-type Ca21 channels
with the FDIM experiments, the rejection of [Ca21]i re- are not activated by Ang II. Like in podocytes in the
sponses from other cells above or below focal plane is intact glomerulus, [Ca21]i of rat podocytes in culture did
strongly enhanced. Therefore, the detection of single cell not increase in the presence of a high extracellular K1
signals was easily possible. Our confocal measurements concentration. The l-type Ca21 channel antagonist nicar-
did not show a simultaneous [Ca21]i response or [Ca21]i dipine had only a modest inhibitory effect on the Ang II-
oscillations on the single cell level. In FDIM experi- mediated [Ca21]i response, suggesting that L-type Ca21
ments, which are mean measurements from the whole channels are also not activated by Ang II in cultured
glomerulus, such response will result in a broadening of rat podocytes. Also, in cultured rat podocytes, Ang II
the [Ca21]i response. (b) A small increase in [Ca21]i may increased [Ca21]i by a Ca21 release from intracellular
not be detectable, especially because all cells cannot be and a Ca21 influx from the extracellular space [5]. How-
focused in the same plane. (c) The collagenase treatment ever, the Ca21 influx in cultured cells dominates the signal
could in some cases damage the outer structure of the [5], whereas Ca21 store release is dominating in podo-
Ang II receptor. (d) It may be possible that not all podo- cytes in the intact glomerulus.
cytes express Ang II receptors, but this is quite unlikely In addition, the Ang II-induced [Ca21]i increase in
because we uniformly observed a depolarization of po- the glomerulus seemed to be lower compared with the
docytes in response to Ang II [4]. [Ca21]i measurements of podocytes in culture [5]. How-
The AT1 receptor antagonist losartan reversibly inhib- ever, it has to be taken into account that in the FDIM
ited the Ang II-stimulated increase of [Ca21]i, suggesting experiments, other probably nonresponding cell types,
that the effect of Ang II was mediated by an AT1 receptor which are also loaded with fura-2, add their emission
[14]. It has been shown that the glomerulus responds to signal to the fluorescence signal from the podocytes. This
Ang II with a [Ca21]i increase via an AT1 receptor [9], results in a seemingly lower overall response.
but in these studies, because of the limitation of the con- Recently, we have reported that Ang II increases
ventional fluorescence equipment it was not possible to [Ca21]i in differentiated rat podocytes in the first culture
identify the glomerular cell type that responded to Ang II. passage via an AT1 receptor [5], but in contrast, AT1
It has been assumed that the glomerular [Ca21]i response receptor mRNA has not been detected in mouse podo-
to Ang II is exclusively due to a [Ca21]i increase in mesan- cytes in long-term culture (passages 15 to 24) and in human
gial cells, but direct evidence for this hypothesis was podocytes showing a cobblestone appearance [7, 8]. The
missing. One indirect argument for this hypothesis was different findings might be explained by species differ-
the lack of Ang II-induced [Ca21]i increase in epithelial ences. Alternatively, functional changes of the highly
cells of the parietal sheet of Bowman’s capsule [9]. How- differentiated podocyte may occur during cell culture,
ever, in contrast to the epithelial cells of Bowman’s cap- and the use of different cell culture conditions (early vs.
sule, podocytes are of mesenchymal origin and share long-term culture and differentiated vs. undifferentiated
many immunologic and functional properties with mes- podocytes) may explain the controversial findings.
Patients with chronic renal failure are often treatedenchymal but not epithelial cells [15]. Therefore, a com-
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